seem logical that in addition to alcohol cessation, nutritional support should be of benefit in the treatment of ALD. Nutritional support has been studied in several controlled and uncontrolled clinical trials to estimate its benefcial effect (9) (10) (11) . These studies have yielded varying results and the power of the controlled studies has been low. The objective of the present systematic review was to assess the effects of nutritional support in patients with alcoholic hepatitis, with or without cirrhosis, with regard to mortality and other parameters.
Methods
A systematic review was performed by two independent observers (RA and PG), who each searched through the Cochrane, MEDLINE, EMBASE and Google Scholar databases, without restriction on language. A manual search was performed in the major hepatology journals including Hepatology, Journal of Hepatology and Gastroenterology published within the past 10 years and on the references listed by relevant articles. Consensus was achieved for most data, but a third independent observer (PW) was included when disagreement between the observers occurred. The search terms included the following: alcohol liver disease, toxic hepatitis, alcoholic hepatitis, alcoholic cirrhosis, nutritional support and diet therapy. Only randomized clinical trials (RCTs) were included. Also, to limit the potential for publication bias, conference abstracts were sought in the search. The time period of publications was from 1978 until present. Included trials review ©2012 Pulsus Group Inc. All rights reserved R Antar, P Wong, P Ghali. A meta-analysis of nutritional supplementation for management of hospitalized alcoholic hepatitis. Can J Gastroenterol 2012;26(7):463-467.
BACkGRound: Alcoholic liver disease (ALD) is associated with a high risk of morbidity and mortality. Malnutrition accompanies this condition and may be both a consequence of and contributor to the pathology. Many trials have investigated the benefits of providing supplemental nutrition in the management of patients with ALD. The present study is a meta-analysis of the available evidence. Method: A meta-analysis of randomized controlled studies comparing nutritional supplementation plus a normal hospital diet versus diet alone. Results: Seven randomized controlled studies including 262 patients with ALD were identified. Pooled analysis revealed no statistical difference in mortality between groups given special nutritional therapy versus a normal balanced diet (OR 0.80 [95% CI 0.42 to 1.52] were required to compare a special nutritional therapy versus a normal balanced diet in hospitalized patients with alcoholic hepatitis. The composition of the nutritional supplementation and the mortality outcomes had to be described. Quality analysis of the retrieved RCTs was assessed by evaluating components such as patient selection, randomization, baseline comparability and reporting of dropouts to assign a score according to the well-validated Jadad scale (12, 13) . Selected studies were any RCTs judged to be of moderate to high quality according to the Jadad scale (minimum 2 out of 5).
statistical analysis
Statistical analysis was performed using Review Manager version 5.0 (The Cochrane Collaboration, 2008; The Nordic Cochrane Centre, Copenhagen, Denmark) and GraphPad Prism version 5.0 (GraphPad Software Inc, USA). All analyses were performed on dichotomous outcomes. Pooled ORs with 95% CIs were calculated using a fixedeffects model. Statistical heterogeneity among studies was evaluated using the Q and I 2 tests. An additional funnel plot was constructed to visualize asymmetry and assess for potential publication bias. Subsequent subgroup analysis assessing biochemical changes was also performed. Quantitative data were summarized using the mean and standard error of the mean (SEM). The comparability of the pooled data was assessed using the Mann-Whitney test. In all analyses, P<0.05 was considered to be statistically significant.
Results search results
More than 3200 results were identified using the search criteria. Of these, 25 articles were accepted based on their titles and abstracts. However, only nine studies met all predefined criteria and were considered to be of sufficient quality for inclusion. The main reasons for exclusion were trials including nonalcoholic cirrhotic patients, nonprospective studies and trials with no mention of mortality outcomes. One additional RCT was found after reading through the references of the eligible studies that was not found in the electronic database searches. Further analysis excluded three additional studies. The first was a nonrandomized prospective study in which patients were recruited from a large cohort study (14) . The second study was a randomized study of a high-protein drink versus a placebo pill given to ambulatory outpatient alcoholic cirrhotic patients with decompensated liver disease (15) . The patients were seen in clinic biweekly for examination, alcohol level measurement and to renew their nutritional supply. Because this study investigated a different population and was subject to several biases, including failure to assess complete alcohol abstinence, nutritional compliance and other confounding factors, it was deemed unacceptable for the present analysis. The third study was a double-blind RCT comparing intravenous glucose amino acid and vitamin solution versus the same solution devoid of amino acids given to the control group (16) . In this case, the control group was different and would affect the pooled data of the meta-analysis. However, all three studies were included in a sensitivity analysis to test the robustness of the results.
included studies
In total, seven RCTs were identified and reported the random allocation of 262 ALD patients: 138 to nutritional therapy and 124 controls (17) (18) (19) (20) (21) (22) (23) . The entry criteria in the RCTs were similar and generally of good quality. The diagnosis of ALD was frequently performed by a combination of history of excessive alcohol use, clinical evidence of liver failure, abnormal liver markers, exclusion of other causes and liver biopsies, making it highly likely that all patients did, in fact, have ALD. Liver biopsies were performed in 38% to 100% of study participants.
All studies compared the effects of nutritional hyperalimentation with hospital diet alone. All studies provided a normal hospital diet to both the control and experimental groups. The compositions of the nutritional supplements were described in all studies and were similar. The supplements included a mixture of amino acids, vitamins, minerals and provided extra calories in addition to the normal hospital diet. Two studies administered the supplemental nutrition orally, four via the intravenous route, and one study gave the nutrition either orally or intravenously depending on the patient's indication and how well enteral feeding was tolerated. The range of study duration was 21 to 28 days (Table 1 ). In addition to reporting mortality outcomes, almost all of the studies reported other measurements including liver function tests, nutritional assessments and clinical manifestations related to liver failure. Some studies compared these parameters between the groups and over the study period.
Quality of included studies
The quality of the studies was heterogeneous. With the exception of one study, all studies were blinded, probably because it was obvious to the observers that participants differed in their nutritional management. Randomization was reported in all studies; however, only three studies described their method of randomization, which appeared to be adequate. Comparisons between the study groups' baseline characteristics were described in all of the trials and were similar. Participant dropout occurred in all but one study, with reasons described: mostly because of diet noncompliance, and complications of therapy or of the central venous line. The dropout patients were not included in any study analysis.
Mortality
Pooled analysis of the seven studies revealed no statistical difference in mortality between the two groups (OR 0.80 [95% CI 0.42 to 1.52]) (Figure 1 ). Repeated analyses with the excluded trials showed a similar result. Causes of mortality were reported in all studies, except one, and appeared to be similar between the study groups. The main causes were worsening liver failure, gastrointestinal bleed, hepatorenal syndrome and infection/sepsis including spontaneous bacterial peritonitis. The funnel plot for the log ORs from the included trials did not demonstrate asymmetry (Figure 2 ).
Morbidity
In the three studies that compared clinical manifestations, supplemental oral or intravenous nutrition did not significantly improve . These studies assessed the grade of encephalopathy clinically, and did not administer lactulose or antibiotics as treatment. Patients in these studies who were noted to have encephalopathy at randomization were reassessed at the end of the trial and change of status was documented. Some studies compared the total number of patients with encephalopathy before and after randomization. It was decided not to include these studies because individual changes in encephalopathy were not assessed. Notably, in two of the six studies in which the additional nutrition was given intravenously, catheter-related bacteremia was reported. Naveau et al (19) found positive blood culutres in four of 18 intravenously treated patients.
Biochemical results
With the exception of one trial, liver function tests and other biochemical markers were measured and compared between groups over the study period. Although there was a tendency toward improvement with nutritional supplementation, these results were not significant. Six of the seven studies compared changes in bilirubin levels (P=0.38), five studies compared albumin levels (P=0.52), four studies compared alkaline phosphatase levels (P=0.18) and three studies compared both alanine transaminase and aspartate transaminase levels (P=1.0 and P=0.40, respectively) ( Figure 3 ).
disCussion
The present meta-analysis was the first to investigate nutritional therapy for alcoholic hepatitis. Nutritional deficiencies are common in patients with ALD, notably because of poor nutritional intake, malabsorption and increased catabolism (9) . It has been proposed that the malnutrition that accompanies alcoholism may be related to, and also contribute to, hepatic injury due to a lack of antioxidants and amino acids (8) . Our stringent search criteria retrieved data for a pooled total of 124 control and 138 experimental patients, providing a significant study population to detect a significant difference in outcome due to nutritional supplementation. Nevertheless, lack of power remains a limitation in the assessment of small potential differences in mortality. Pooled data from the seven RCTs demonstrated no mortality benefit, albeit with a trend toward survival benefit with supplemental nutrition. Individually, all of the included studies were underpowered, raising the possibility of type II error, especially given that the pooled mortality outcome was low (19%) (24 of 124). The study by Nasrallah and Galambos (18) was the only one that demonstrated a mortality benefit with supplemental nutrition. Their patient population had alcoholic hepatitis with or without cirrhosis, and was treated with intravenous amino acid infusion and multivitamins plus the hospital diet, and followed for 28 days. Reasons that may explain the survival benefit in that study include selection bias and the intravenous administration of the supplemental nutrition and, hence, avoiding the difficulties associated with anorexia in these patients. However, three other studies followed a similar study design including Anchord (22), who repeated the protocol of Nasrallah and Galambos (18) and used the same nutritional supplementation, but these studies failed to show mortality benefit. Moreover, of the four studies that requested liver biopsies, Nasrallah and Galambos had a substantially lower number of cirrhotic patients based on biopsy findings (35% versus 75% to 100%). Thus, ALD may be partially reversible in its earlier stages before progression toward worsening fibrosis and cirrhosis. Of note, other studies have demonstrated the clear benefits of nutrition for patients with cirrhosis and other forms of liver disease on survival, hospital stay and morbidity (24, 25) . In a large, randomized multicentre trial, 622 patients with cirrhosis of different causes were randomly assigned to receive branched-chain amino acids (BCAA) with diet versus diet alone (25) . The results of this study, which was the largest of its kind, showed a significant reduction in both mortality (P=0.015) and liver complications, including ascites, edema and encephalopathy, indicated by a significant increase in albumin (P=0.018) and lower mean blood ammonia levels. Whether this intervention is beneficial in ALD was not evident from our meta-analysis, but neither the population nor the sample size were similar. Likewise, from our included studies, Calvey et al (17) investigated the use of BCAA but also failed to show any mortality benefit over conventional protein or diet therapy alone. However, this study showed that BCAA improved/resolved hepatic encephalopathy and normalized nitrogen balance more than conventional protein or diet therapy.
A limitation of our study is the fact that studies included either enteral or parenteral nutritional support compared with a normal hospital diet. However, the composition of the experimental diet was similar across the different groups in that it included a mixture of amino acids or protein and carbohydrates. Four RCTs added multivitamins to the regimen, but it is unlikely that this would have confounded the overall results. Importantly, all controls and subjects were offered a normal, baseline hospital diet, and the follow-up period was reasonable for short-term mortality. However, data for long-term mortality are lacking.
Our results showed that supplemental nutritional therapy improved hepatic encephalopathy (OR 0.24 [95% CI 0.06 to 0.93]). In the past, the mainstay of treatment for encephalopathy was to limit the amount of protein in the diet -theoretically, to limit the amount of deamination of protein to aromatic amino acids and ammonia accumulation (26) . However, more recent studies demonstrated the beneficial effect of providing adequate amounts of protein during encephalopathy (27) and possibly delivering increased amounts of protein to maintain a positive nitrogen balance if malnourished (28) . This led to the 1997 European Society for Parenteral and Enteral Nutrition published consensus guidelines recommending that the daily protein intake in patients with liver disease should, if possible, be approximately 1.0 g/kg to 1.5 g/kg depending on the degree of hepatic decompensation (29) . A randomized study of cirrhotic patients with encephalopathy in 2003 (30) reported no difference between giving low-versus high-protein diet in terms of encephalopathy resolution or mortality, but the low-protein diet group showed higher protein breakdown. It is not well understood why a high-protein diet might be beneficial in encephalopathy, especially because the pathophysiology of encephalopathy remains unclear; however, ammonia and the overproduction of other neurotoxins is a well-accepted theory (31, 32) . As a consequence of impaired liver function, other pathways are needed for ammonia clearance. One pathway is the conversion of ammonia to glutamine by muscle (9) . A recent study involving rats with acute liver failure and resulting elevations in ammonia levels demonstrated increased glutamine production by skeletal muscle. This suggests that preservation of muscle mass via better nutrition may be beneficial in preventing or ameliorating hepatic encephalopathy and its ensuing complications in patients with ALD (33) . Our results and other data suggest that not only can a high-protein diet be safely administered in cirrhotic patients with encephalopathy, but can also be helpful in improving or resolving hepatic encephalopathy. 
ConClusion
Malnutrition may be a contributing factor to the morbidity and mortality of patients presenting with ALD. Our meta-analysis of seven studies investigating additional nutritional supplementation for three to four weeks revealed a nonsignificant reduction in mortality. Neither ascites nor liver function parameters improved with the high-protein and high-calorie diet. However, in patients who presented with encephalopathy, there was a significant reduction in its grade or resolution. This evidence further advocates the safety and importance of providing adequate nutrition, including protein, in ALD and hepatic encephalopathy and undermines the concept of protein restriction in these patients.
